Image restoration plays an important role in transportation applications. This paper studies a motion blurred image processing method, which has good recovery effect. In this method, first the wiener filter is used for image restoration. Then, based on the error parameter analysis, the parameters of point spread function are estimated, and the noise parameter is estimated by using the probability and statistics method. Furthermore, the ringing effect is processed by using the smooth boundary method. Finally, experimental results show that the proposed method can restore the motion blurred images effectively and has strong robustness for the noise.
Introduction
In the actual environment, the images of vehicles obtained by the camera, due to the relative movement between the vehicle and the camera, often become blur. In order to effectively use these images, It is necessary to restore the motion blurred image so as to get better visual effect of image. The common method of the restoration of motion blurred image is Wiener filtering [1, 2] , parameter estimation is the key of the blurred image restoration, and the Literature [3] use artificial methods to select the noise-signal power ratio parameter in Wiener filtering. The Literature [4] use the method of the image spatial gradient to estimate the length parameter of point spread function. The Literature [5] on the spectrum of the motion blurred image is accumulated enhancement, and then it estimates the length parameter of the point spread function by observation. This paper introduces a method for motion blurred images restoration. Though using the Wiener filtering to restoration and the error parameter analysis, this paper estimate the length parameter of point spread function. Based on the probability statistics method, the paper obtained the estimation of noise parameters and the processing of the ringing effects. the experimental results show that, the method at low SNR can still accurately estimate the blurring length parameter, is robust to the noise-signal power ratio, on motion blurred image with good restoration effect.
Image restoration is important in traffic information acquisition. This paper introduces a method for motion blurred License plate images restoration. Wiener filter is used to restore the motion blurred images. The parameters of point spread function are estimated by using error parameter analysis, while the noise parameter is estimated based on probability and statistics method. Furthermore, the ringing effect is processed. Experimental results show that the proposed method can restore the motion blurred images effectively and is robust to the noise.
The remainder of this paper is organized as follows. Section II presents the image degradation and restoration model. Section III proposes how to estimate the point spread function parameter and the noise level parameter. Section IV presents how to process of the ringing effects. Experimental results are given in Section V, while Section VI concludes this paper.
Image Degradation and Restoration Model
The model of the Motion blurred images degradation can be described ( , ) ( , ) ( , ) ( , ) g x y h x y f x y n x y = * +
where ( , ) f x y is the original image, ( , ) g x y is the blurred images, ( , ) h x y is the point spread function, and ( , ) n x y is the additive noise.
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where equation (2) is the expression of (1) in the frequency domain. The Capital letters is the Fourier transformation of the correspondingly original function. Using the Wiener filtering, the frequency domain model for image restoration is: 
The Parameter Estimation
Point Spread Function Estimation. The point spread function of motion blur can be expressed as:
where equation (4) is a point spread function of motion blur in the horizontal direction, d is a motion blur length. If the motion blur is not in the horizontal direction, then it can conversion to the horizontal direction via coordinate. In this paper, it used the error-parameter analysis [6] to identify the point spread function. This method in the observation of the images which signal to noise ratio is low and motion blur length is larger can also get a better estimate effect. The method of Error-parameter analysis uses the error metric E to estimate the parameter d , and the steps are as follows:
(1) Selecting a length parameter to search the range and be represent by the initial length value 0 d , the length of step d ∆ and the number of searching step k to represent. (3) Make a E d − curve, in which the rate of change will be significantly smaller near the real value of d , and then estimate the parameter d of the point spread function and obtain the corresponding point spread function.
In order to get a more accurate estimation of value, this paper usually set several different signal to noise ratio parameters in order to obtain a number of curves and facilitate the curve analysis and observation. In the estimation of the parameter d of the point spread function, select the flat position in the E d − curve as the estimated value. In the estimation of the range of the point spread function, it generally cannot be very precise. When setting the searching range is very large, sometimes there will be several possible estimation values. So it's necessary to select it through experiments. The Noise Parameter Estimation. Because of the affection by many factors on the actual images, it is difficult to obtain the parameters of noise-signal power ratio in the models of Wiener filtering restoration. We can use the degraded image estimation noise-signal power ratio [7] to calculate the local variance of degraded image, select the maximum of the local variance as image variance 2 f , find a flat area in the image, in which make the average of the local variance as the estimation of the noise variance 2n, and then make the ration of noise variance and image variance as the estimation of
